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The invention is described in the following statement: 
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A NOVEL CELL TYPE FOR NUCLEAR TRANSFER 

The present invention generally relates to cells expressing the telomerase 
catalytic component (TERT cells) and their use in nuclear transfer. The present 
invention also relates to the use of TERT cells for gene targeting and gene 
knockout experiments. 

INTRODUCTION 



The successful development of normal animals from a number of mammalian 
species using somatic cell nuclear transfer techniques has lead to the possibility 
that this approach may be used for the production of large numbers of 
genetically modified livestock and animals for biomedical research. However, 
one of the major limitations to this technology is found in the normal life span of 
the somatic cells generally used as the source of donor nuclei in the nuclear 
transfer procedures. Mammalian somatic cells have a limited life span and 
enter senescence after a limited number of cell divisions. Because the 
successful integration or deletion of a DNA sequence in cells in culture requires 
a relatively large number of cellular divisions, this limit on cell proliferation 
represents an obstacle to the genetic manipulation of the donor cell nuclei and, 
ultimately, to the production of genetically modified animals by nuclear transfer. 
The production of somatic cells capable of continuous growth in culture and 
their application to nuclear transfer would represent a major step towards the 
production of such genetically modified animals. 

The discussion of documents, acts, materials, devices, articles and the like is 
included in this description solely for the purpose of providing a context for the 
present invention. It is not suggested or represented that any or all of these 
matters formed part of the prior art base or were common general knowledge in 
the field relevant to the present invention as it existed in Australia. 

Accordingly, it is an object of the present invention to overcome or at least 
alleviate some of the problems with the prior art. 
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SUMMARY OF THE INVENTION 

In a first aspect of the present invention there is provided a method of producing 
an animal, said method comprising introducing a continuously growing donor 
5 cell nucleus from a continuously growing donor cell into an oocyte or embryo 
and allowing the resulting embryo to mature and to preferably develop to a 
foetus or an adult animal. 

In a preferred aspect of the present invention, the donor cell is a genetically 
10 modified somatic cell. Preferably, the donor cell is derived from a non- 
transformed immortalised cell line that expresses telomerase catalytic 
component (TERT), which allows the cell to grow continuously in culture 
thereby enabling repeated genetic manipulations of the cell. Similarly, the 
nucleus may be derived from the immortalized cell line or genetically modified 
1 5 somatic cell which is continuously growing. 

In another preferred aspect of the present invention, the donor cell is a further 
genetically modified TERT cell, said TERT cell comprising a foreign gene which 
has been introduced into the TERT cell. 

20 

In another preferred aspect, the nucleus is derived from a genetically modified 
TERT cell comprising a foreign gene which has been introduced into the TERT 
cell. 

25 In yet another preferred aspect of the present invention, the donor cell is a 
further genetically modified TERT cell, said TERT cell having a destroyed, 
modified or deleted gene. Such genetically modified TERT cells are useful in 
gene targeting and gene knockout experiments. 

30 In yet another preferred aspect, the nucleus is derived from a further genetically 
modified TERT cell, said TERT cell having a destroyed, modified or deleted 
gene. 
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In another aspect of the present invention there is provided a method of 
producing a cell line that may be expanded from an embryo to produce cloned 
cells of an embryo, said method comprising 

introducing a continuously growing donor cell or nucleus from a 
5 continuously growing cell, into an oocyte or embryo; 

culturing the oocyte or embryo to an advanced cleavage stage embryo; 

separating and cloning the cleaved cells of the embryo; and 

optionally culturing the cloned cells. 

10 In another aspect of the present invention there is provided an animal produced 
by the methods of the present invention. Preferably, the animal is a genetically 
modified animal, preferably the genetically modified animal is a knockout 
animal. 

15 Throughout the description of the present invention the use of the terms "TERT 
cell" or "TERT cells" is used to indicate any cell or cells which have been 
modified to express the telomerase catalytic component to allow them to grow 
continuously in culture. 

20 DESCRIPTION OF THE INVENTION 

In a first aspect of the present invention there is provided a method of producing 
an animal, said method comprising introducing a continuously growing donor 
cell nucleus from a continuously growing donor cell into an oocyte or embryo 
25 and allowing the resulting embryo to mature and to preferably develop to a 
foetus or animal. 

It is desirable to use a donor cell or cells which have the ability to grow 
continuously in culture. Some cells have the limitation of being short lived and 
30 they stop dividing in a very short period. Accordingly there is little time for 
genetic manipulation of these cells and this is often a major limitation in genetic 
modification or knockout studies. Some cell lines which are naturally 
continuously growing (ie neuronal stem cells) and do not require further genetic 
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manipulation may also be used. From these cells, the nucleus may also be 
extracted and used in the present invention. 

In a preferred aspect of the present invention, the donor cell is a genetically 
5 modified somatic cell. Similarly, the nucleus may be derived from a genetically 
modified somatic cell which is continuously growing. 

Preferably the donor cell nucleus is derived from a non-transformed cell line. 
Manipulation or genetic modification of the cell line by any method that 
10 immortalizes the cell line may be used. 

The following description exemplifies a type of cell line which is capable of 
continuous growth. However, it should be appreciated that the invention should 
not be restricted to this cell line or the nuclei derived from these cells as the 
15 invention is applicable to all cell lines capable of continuous growth and 
immortality. The following description is merely illustrative and should not be 
taken as a restriction on the generality of the invention. 

The expression of telomerase catalytic component (TERT) in a cell may induce 
20 the cell to immortalize and undergo continuous growth in culture. Accordingly, it 
is preferred that the cells are manipulated to express telomerase catalytic 
component (TERT). However, cells already expressing TERT and which are 
not genetically modified may be used in the present invention. More preferably, 
the gene encoding TERT is introduced into the cell. This can result in a cell line 
25 that is immortalized. The expression of TERT in the cells may also allow the 
cells to undergo (repeated) genetic manipulations as the cells can be grown 
continuously in culture for many weeks and/or months. TERT may be inserted 
into the cell line of choice using standard transfection technologies. The cell or 
cells may be from any cell type, preferably the cell or cells are fibroblast somatic 
30 cells. 

The term "TERT cell(s) M as used herein means a cell which expresses TERT 
either naturally or by introduction via genetic manipulation. 
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TERT may be cloned from cells expressing this gene (eg embryonic tissue may 
be used) alternately the cDNA for TERT is commercially available. 

The TERT cells may also be obtained from a genetically modified animal which 
has been manipulated to express TERT in it's somatic cell lineages. TERT cells 
may be collected from any stage of development of the animal. Preferably the 
source of TERT cells is from a foetus which is differentiated at a stage after the 
embryonic stage. The whole foetus or a part thereof may be used as a source 
of the TERT cells. Preferably the cells are obtained from a rat expressing TERT 
in its somatic cell lineages. 

Oocytes may be obtained from any source. For example, they may be of 
bovine, ovine, porcine, murine, caprine, amphibian, equine or of a wild animal 
origin. Preferably the oocyte is a rodent oocyte. More preferably it is a rat 
oocyte. 

The entire contents of PCT/AU97/00868 are hereby incorporated and referred 
to in this description particularly with respect to the oocytes suitable for this 
invention and of the enucleation of suitable oocytes. 

The TERT cell or cells may be introduced into the oocyte or embryo using any 
method available to the skilled addressee. Preferably nuclear transfer 
procedures are used. More preferably a TERT cell is injected into an enucleated 
oocyte, the oocyte is activated to initiate development and the resulting embryo 
is transferred to a receptive recipient animal capable of supporting the 
development of the embryo into a foetus or animal. Other methods may be 
used to introduce the cell into an oocyte or embryo including but not limited to 
aggregation of the TERT cell or cells with preimplantation embryos or injection 
of the TERT cell or cells into the cavity of a blastocyst stage embryo. 

The entire contents of PCT/AU99/00275 are hereby incorporated and referred 
to in this application, particularly for the description of nuclear transfer of donor 
cells into oocytes. 
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In a preferred aspect of the present invention, the donor cell is a further 
genetically modified TERT cell, said TERT cell comprising a foreign gene wh.ch 
has been introduced into the TERT cell. 

In another preferred aspect, the nucleus is derived from a genetically modified 
TERT cell comprising a foreign gene which has been introduced into the TERT 
cell. 

A genetically modified TERT cel. refers to a TERT cel. into which a foreign (ie 
non-naturally occurring) nucleic acid, eg, DNA, has been introduced. The 
foreign nucleic acid may be introduced by a variety of techniques, including, but 
not limited to, calcium-phosphate-mediated transfection, DEAE-mediated 
transfection, microinjection, retroviral transformation, e.ectroporat.on 
immunoporation, protoplast fusion and lipofection. The genetically modified cel. 
may express the foreign nucleic acid in either a transient or long-term manner, 
in general, transient expression occurs when foreign DNA does not stably 
integrate into the chromosomal DNA of the transfected cell. In contrast, long- 
term expression of foreign DNA occurs when the foreign DNA has been stably 
integrated into the chromosomal DNA of the transfected cell. 

Foreign (heterologous) nucleic acid may be introduced or transfected into TERT 
cells A TERT cell which harbours foreign DNA is said to be a genetically 
modified TERT cell. The foreign DNA may be introduced using a vane* of 
techniques known to the skilled addressee. In a preferred embodiment, fore.gn 
DNA is introduced into TERT cells using the technique of retroviral transfecfon. 
Recombinant retroviruses harbouring the gene(s) of interest are used to 
introduce into TERT cells using the technique of retroviral - transferor, 
Recombinant retroviruses harbouring the gene(s) of interest are used to 
introduce marker genes, such as but not limited to pgalactosidase (lacZ) gene 
or oncogens. The recombinant retroviruses are produced in packagmg cell 
„nes to produce culture supernatants having a high titer of virus part.cles 
(generally 10.sup.5 to 10.sup.6 pfu/ml). The recombinant viral particles are 
used to infect cultures of the TERT cells or their progeny by incubating the cel. 
cultures with medium containing the viral particles and 8 M g/m. polybrene for 
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three hours. Following retroviral infection, the cells may be rinsed and cultured 
in standard medium. The infected cells may be then analysed for the uptake 
and expression of the foreign DNA. The cells may be subjected to selective 
conditions which select for cells that have taken up and expressed a selectable 
marker gene. 

In a preferred aspect of the present invention, the donor cell is a further 
genetically modified TERT cell, said TERT cell having a destroyed, modified or 
deleted gene. Such genetically modified TERT cells are useful in gene 
targeting and gene knockout experiments. 

These genetically modified TERT cells include the above genetically modified 
TERT cell wherein the introduced foreign gene is modified or mutated after 
genetic modification. 

In yet another preferred aspect, the nucleus is derived from a further genetically 
modified TERT cell, said TERT cell having a destroyed, modified or deleted 
gene. 

In another aspect of the invention, there is provided an embryo, and wherein 
said embryo results from introducing a continuously growing donor cell nucleus 
from a continuously growing donor cell into an oocyte or embryo as prepared by 
the method as described herein. The embryo is preferably a transplantation 
embryo. 

In another aspect of the present invention there is provided a method of 
producing a cell line that may be expanded from an embryo to produce cloned 
cells of an embryo, said method comprising 

introducing a continuously growing donor cell nucleus from a 
continuously growing donor cell into an oocyte or embryo; 

culturing the oocyte or embryo to an advanced cleavage stage embryo; 

separating and cloning the cleaved cells of the embryo; and 

optionally culturing the cloned cells. 
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0 « the cel. lines are cloned, these may be used to generate genetically 
""e mode, such as monkeys to develop genetically ident.ca, an.ma.s. 

The cells of such a nuclear transplantation embryo may be recycled to provide 

1 r cells for further cycles of nuclear transfer, as described ,n Austrahan 
donor cells for furtner y discloS ure of which is 
patent 687422 to the present applicant, the en 

incorporated herein by reference. 

, • a nnth P r aspect the present invention provides a cell line 
Arcord no V, m another aspect, " 

Accora.ng y, DreDa red by the methods described here.n. 

expanded from an embryo as preparea oy 

, f .rthPr aspect of the present invention there is provided an animal 
l^Z^^^^ Preferably, the animal, a 
^ mocflH- animal, preferably the genetical.y modified an.ma, ,s a 
knockout animal. 



to those skilled in the art. 
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A genetically modified animal may include the addition of ^^^^^ ^^^^ 
A genetically modified animal may include a transgenic an.mal. 

random mutations in a gene. 
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Accordingly the present invention preferably provides knockout animals which 
may be useful for research in gene function, diseases, drug therapies and gene 
development of animal strains having knockout genes. 

The genetically modified animals may be useful for research purposes at any 
stage of development, preferably adult knockout animals are obtained however 
animals at any stage of development may be used. 

Preferably the animal is a mamma, including but not limited to murine, bovine, 
ovine, porcine, equine, feline, endangered species, live stock or may derive 
from marsupials including kangaroos, wombats. Preferably the an.ma. >s 
murine. Most preferably the animal is a rat. 

Throughout the description of the present invention the use of the term "TERT 
cell" or "TERT cells" is used to indicate any cell or cells which have been 
modified to express the te.omerase catalytic component to allow them to grow 
continuously in culture. 

Throughout the description and claims of the specification, the word "comprise" 
and variations of the word, such as -comprising- and -comprises-, ,s not 
intended to exclude other additives, components, integers or steps. 

The present invention wi,l now be more fully described with reference to the 
following examples. It should be understood, however, that the descnpt.on 
following is illustrative only and should not be taken in any way as a restriction 
on the generality of the invention described above. 
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EXAMPLES 

Example 1 : Media for growing rat foetal fibroblasts 

F12 nutrient media (Gibco BRL, Life Technologies) containing 10,000 U of 
penicillin and 500 U streptomycin, 15% foetal calf serum (ES cell grade, Gibco 
BRL) was used for the culture and propagation of foetal fibroblasts. This basis 
media is designated F12/FCS media. 

Example 2 - Preparation of fibroblasts cells 

A pregnant rat (eg. Sprague-Dawley) was humanely killed at 10.5-16.5 days 
gestation by C0 2 asphyxiation. Foetuses were removed and placed into a tube 
with PBS containing penicillin/streptomycin. 

Membranes from the foetuses were removed and their heads were separated 
from their bodies. The pooled carcasses were placed into a small dish (6cm) 
and the tissue was minced with a blunt object (the tip of a syringe) until it was 
homogeneous in size. A syringe was used to aspirate the minced tissue which 
was then transferred into a tube. The dish was washed with 5-10 ml PBS and 
then aspirated into the syringe and pooled into the tube containing the tissue. 

The minced tissue was left to settle at the bottom of the tube for a few minutes 
and was carefully aspirated off the liquid. The tissue was washed with fresh 
PBS until it was reasonably clear (approximately 2 washes). 5 ml of Trypsin 
0.1% in versene), was added to the tissue and the tube was placed into a 37°C 
water bath, at 37°C for no longer than 15 min (The tubes were mixed 
occasionally). The tissue was allowed to settle down to the bottom of the tube 
and the cell suspension was transferred into a centrifuge tube. The tissue was 
washed in 5ml F12 media containing FCS, and the cell suspension was pooled 
with the trypsin cell suspension. Cells are then plated on a standard tissue 
culture flask and allowed to proliferate. Cells are propagated in F12 media 
containing FCS according to standard procedures. 
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A mammalian e^on vector exposing TERT ™* 

standard Coning procedu.es. familiar to anyone exper, need ,n art. 

Alternately the TERT expression vector is commercially avertable. 

F or stable .ransfection experiments vectors are linearised a. unique restriction 
e 1 ucl se Transfection experiments were initiated on Day 3 o« culture 
; 0 "es using Upofectamine* Piu, Transfection involved addit,on o 
8 ,g o, linearised piasmid to 20* of Plus* reagent in 750 o serurMree SF 
nloia wKh incubation at 23*C for 15 minutes. 30ul of Lipofectam.ne w^ en 
led to 720,1 of P12/FCS media and the solutions were then mixed together 
, h 1 23°C for a further 15 minutes. Media was then aspirated from 
and mcubated at 23 C for a fun _ DNA/Lipo fectamine® solution 

the cells and replaced w,th 5ml of SF media. The DMA/ p 
was then added to the cells ,o„owed by the addifon * 6.5ml ^ 2 3 

^ — r lUience 300„m, o, Ge net,cin« COibco BR L 
Itchnologies, or 50 M ,m, of hygromycin are suitable -cent^ons , ^e 

} ra tfoeta, fl broblas,s. ^^^^"^1^ 
(to. Day 14). Following this initial selection processes the cells are mamt 
on 0.5 X the original concentration of antibiotic. 

g.aj^ie^ucje^^ 
!S Animals were «ed by decapitation and the oviduct = ed in less than 5 

r; — -.m, hya,uronidaseat 37 . us. ^ 
hoH ^i-o in M2 medium after 5 minutes expose 
30 Oocytes were _ transferred to eouiUbrated modified 

hyaluronidase. Cumulus tree oouy , midi r, e H 5 % CO2 in 

ra , embryo culture medium (MR1ECM) and mcubated ,n hummed 



air at 37 °C until use. 
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Oocytes at the metaphase II stage (i.e. with the first polar body extruded) were 
selected for nuclear transfer (NT). 

Oocytes were enucleated in handling media containing cytochalasin B 
(7.5ug/ml, Sigma) by gentle aspiration of the polar body and metaphase plate in 
a small amount of cytoplasm using a glass pipette (inner diameter: 1 0-1 5pm). 

After mechanical disruption of the donor cell membranes in Hepes buffered 
TCM199 with 5% rat serum (199HF) using the injection pipette, the fibroblast 
nuclei were injected directly into the oocyte cytoplasts. The reconstructed 
embryos were transferred back into MR1ECM until activation. 

Artificial activation was induced 4 hours after injection by exposing the oocytes 
to 8% ethanol in phosphate buffered saline for 5 minutes, prior to culture in 
MR1 ECM containing 35nM cychloheximide for five hours. 

Embryos were cultured in modified MR1ECM culture media (Oh et al. (1998) 
Biol Reprod.59:884-889) supplemented with 10% Rat Serum in a 5% C0 2 
Incubator at 37°C. 

Embryos were transferred back to primed recipient animals on day 2, 3 or day 4 
of culture. 

The above example is also applicable for the TERT fibroblasts prepared as in 
Example 3. 

Finally, it is to be understood that various other modifications and/or alterations 
may be made without departing from the spirit of the present invention as 
outlined herein. 

DATED: 31 October 2000 
PHILLIPS ORMONDE & FITZPATRICK 

Attorneys for: Au*iC fi ^fy****^ 

MONASH UNIVERSITY f 
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